Abstract. Type Ia supernovae have become an indispensable tool for studying the expansion history of the universe, yet our understanding of the explosion mechanism is still incomplete. We describe a generally accepted explosion scenario, sketch the most relevant physics, and report recent advances in multidimensional simulations of Chandrasekhar mass white dwarf explosions.
Introduction
Type Ia supernovae, i.e. stellar explosions which do not have hydrogen in their spectra, but intermediate-mass elements, such as silicon, calcium, cobalt, and iron, have recently received considerable attention because it appears that they can be used as "standard candles" to measure cosmic distances out to billions of light years away from us. Moreover, observations of type Ia supernovae seem to indicate that we are living in a universe that started to accelerate its expansion when it was about half its present age. These conclusions rest primarily on phenomenological models which, however, lack proper theoretical understanding, mainly because the explosion process, initiated by thermonuclear fusion of carbon and oxygen into heavier elements, is difficult to simulate even on supercomputers.
From the point of view of cosmology, in particular the planned use of SNe Ia as high-precision tools to map out the equation of state of the universe, some of the most urgent questions that supernova theorists and observers must answer are: a) What are the progenitors?, b) Is there only one class of explosions or many?, c) What is the physics that governs the diversity of SNe Ia?, and d) How robust are the correlations between peak brightness, light curve shape, and spectral features with respect to, say, multidimensional mixing? This is a challenging program that, apart from cosmology, involves a lot of fascinating physics.
Much progress has been made in recent years in the field of multidimensional explosion models. We give a very brief overview of our adopted explosion scenario in Sect. 2 (for more details and references, see [Hillebrandt & Niemeyer(2000) ]) and describe our approaches to simulating Chandrasekhar mass deftagration models in two and three dimensions in Sect. 3. Sect. 4 gives a brief overview over the resources required for the performed simulations.
The lack of hydrogen and presence of silicon in SN Ia spectra, the rate of the light curve decline powered by decaying nickel, and the inferred minimum age of some SN Ia progenitors are all consistent with thermonuclear explosions of C+O white dwarf stars [Hoyle & Fowler(1960) ]. In order to trigger the explosion, the star is believed to accrete matter from a binary companion until critical conditions are reached. The various proposed explosion scenarios below differ mainly in the rate and composition of the accreted material, the mass of the white dwarf when it explodes, the location of the ignition, and the propagation mode of the burning front.
The strong temperature dependence of the nuclear reaction rates, S rv T12 at T :=::; 10 10 K, confines the nuclear burning to microscopically thin layers that propagate either eonductively as subsonic deflagrations ("flames") or by shock compression as supersonic detonations. Both modes are linearly unstable to spatial perturbations. In the nonlinear regime, the burning fronts are either stabilized by forming a cellular structure or become fully turbulenteither way, the total burning rate increases as a result of flame surface growth. Neither flames nor detonations can be resolved in explosion simulations on stellar scales and therefore have to be represented by numerical models.
Given the overall homogeneity of SNe la, the good agreement of parameterized 1D models with observed spectra and light curves, and their reasonable nucleosynthetic yields, the bulk of normal SNe Ia is generally assumed to consist of exploding C+O white dwarfs that have reached the Chandrasekhar mass, Melt, by accretion of hydrogen or helium that burns stably to carbon and oxygen. Flame ignition takes place near the center following roughly 10 3 years of core convection. There is no clear identification of natural progenitor systems, but supersoft X-ray sources (SSXS) look relatively promising [Livio(2000) ].
In our simulations we concentrate on the subsonic propagation mode of the thermonuclear flame (deflagration), which in a SN Ia is governed by the following physical phenomena:
Once ignited, a subsonic thermonuclear flame becomes highly convoluted as a result of turbulence produced by the Rayleigh-Taylor instability (buoyancy) and the secondary Kelvin-Helmholtz instability (shear) along the flame front. It continues to burn through the star until it either transitions into a detonation or is quenched by expansion.
By far the most simulations to date are spherically symmetric, ignoring the multidimensionality of the flame and treating the turbulent flame speed St as a free parameter. These studies essentially agree that good agreement with the observations is obtained if St accelerates up to roughly 30 % of the sound speed.
In multiple dimensions, the problem of simulating turbulent deflagrations has two aspects: the representation of the thin, propagating surface separating hot and cold material with different densities, and the prescription of the
